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 
Abstract—The environmental impact related to ornamental 
stones (such as marbles and granites) is largely debated. Starting 
from the industrial revolution, continuous improvements of 
machineries led to a higher exploitation of this natural resource and 
to a more international interaction between markets. As a 
consequence, the environmental impact of the extraction and 
processing of stones has increased. Nevertheless, if compared with 
other building materials, ornamental stones are generally more 
durable, natural, and recyclable. From the scientific point of view, 
studies on stone life cycle sustainability have been carried out, but 
these are often partial or not very significant because of the high 
percentage of approximations and assumptions in calculations. This 
is due to the lack, in life cycle databases (e.g. Ecoinvent, Thinkstep, 
and ELCD), of datasets about the specific technologies employed in 
the stone production chain. For example, databases do not contain 
information about diamond wires, chains or explosives, materials 
commonly used in quarries and transformation plants. The project 
presented in this paper aims to populate the life cycle databases with 
specific data of specific stone processes. To this goal, the 
methodology follows the standardized approach of Life Cycle 
Assessment (LCA), according to the requirements of UNI 14040-
14044 and to the International Reference Life Cycle Data System 
(ILCD) Handbook guidelines of the European Commission. The 
study analyses the processes of the entire production chain (from-
cradle-to-gate system boundaries), including the extraction of 
benches, the cutting of blocks into slabs/tiles and the surface 
finishing. Primary data have been collected in Italian quarries and 
transformation plants which use technologies representative of the 
current state-of-the-art. Since the technologies vary according to the 
hardness of the stone, the case studies comprehend both soft stones 
(marbles) and hard stones (gneiss). In particular, data about energy, 
materials and emissions were collected in marble basins of Carrara 
and in Beola and Serizzo basins located in the province of Verbano 
Cusio Ossola. Data were then elaborated through an appropriate 
software to build a life cycle model. The model was realized setting 
free parameters that allow an easy adaptation to specific productions. 
Through this model, the study aims to boost the direct participation of 
stone companies and encourage the use of LCA tool to assess and 
improve the stone sector environmental sustainability. At the same 
time, the realization of accurate Life Cycle Inventory data aims at 
making available, to researchers and stone experts, ILCD compliant 
datasets of the most significant processes and technologies related to 
the ornamental stone sector. 
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I. INTRODUCTION 
HE environmental sustainability of construction materials 
is a field of growing interest because of the recent 
European regulations (e.g. EU n. 305/2011 [1]) and of the 
increasing competition from imported products and among 
different materials. Dimension stone (such as marble and 
granite) is a construction material with a long tradition. Before 
the industrial revolution ornamental stones were worked 
manually and employed locally. The development of canals 
and railways led to the internationalization of trades and in the 
XIX century machineries were progressively introduced. In 
the 70s working tools and quarrying techniques were further 
improved, leading to a more intensive exploitation of this 
resource. Since stone is a non-renewable material formed in 
the geological past, a strict view of sustainability might 
suggest to avoid this material. Nevertheless, it is necessary to 
consider the issue in its entire complexity, examining the 
overall costs and benefits of this material. As far as the 
production chain is concerned, for example, stone is a natural 
material and, as a consequence, impacts related to the material 
production are limited [2]; in addition, the lifetime of stone 
can be much longer in comparison with other construction 
materials [3], and at the end of life, stone can be reused in the 
original structure, recovered in other structures build of 
compatible material, or crushed and transformed in aggregate 
[4], [5]. These characteristics help stone materials to be in line 
with the Circular Economy Package adopted by the European 
Commission, which aims at extracting “the maximum value 
and use from raw materials, products and waste, fostering 
energy savings and reducing Green House Gas emissions” [6]. 
However, still a lot of effort is required to consider stone 
materials as sustainable. The operations of extraction and 
processing are still quite traditional and have to be enhanced 
and updated in order to minimize the use of resources and 
energy and to reduce wastes and emissions into air, water, and 
soil. To reach this aim and to avoid impact shifting, the system 
has to be analyzed throughout the entire life cycle of the 
product. The LCA is a scientific tool to calculate the potential 
impacts, standardized by UNI 14040-44 regulations [7], [8] 
and by the ILCD guidelines of the European Commission [9]. 
In the field of ornamental stones, some LCA have been 
performed by different research groups in the major stone 
production countries [10]-[13]. Nevertheless, the main 
obstacle is that the LC databases (such as Ecoinvent, 
Thinkstep, ELCD) lack of stone production datasets. To face 
this problem, the Brazilian research center CETEM (Centro de 
Tecnologia Mineral) developed and currently updates the 
national LC database on ornamental stones based on the most 
widespread technologies employed in Brazilian quarries and 
transformation plants [14]. On the contrary, no datasets are 
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available for the stone processes commonly carried out in 
Europe. As a consequence, assessments performed with 
secondary data are often inaccurate because of the high 
number of assumptions and approximations. The main aim of 
the PhD project presented in this paper is to provide Life 
Cycle (LC) data of the most significant processes of stone 
production chain, with particular reference to Italian quarries 
and transformation plants. At the same time, aim of the study 
is to build a flexible LC model allowing stone firms to assess 
their specific environmental impacts.  
 
 
Fig. 1 Phases of the stone production chain: (a) Quarrying of stone 
blocks; (b) Cutting of blocks into slabs; (c) Surface finishing. Photos 
were taken in quarries and transformation plants of Carrara basins 
(Italy) 
II. METHODOLOGY 
To create LC data on stone processes, the study involved 
analyzing, from the environmental point of view, the most 
common techniques of the ornamental stone production chain. 
Because the processes present differences in relation to the 
hardness of the stone, sites of both hard stones (gneiss) and 
soft stones (marble) were selected. Therefore, studies were 
carried out in the representative Italian basins of Verbano 
Cusio Ossola (VCO) province (where gneiss stones are 
quarried) and in Carrara marble basins. The analyzed system 
has boundaries from-cradle-to-gate (according to the 
definition of the UNI 14040). This means that objects of the 
study were all the processes and flows connected to the phases 
of: i) stone quarrying; ii) cutting of blocks into slabs and tiles; 
iii) surface finishing (Fig. 1). For each of these three phases, 
the most common and representative techniques were 
investigated [15]. Fig. 2 summarizes the processes analyzed in 
this study, with reference to techniques for both hard and soft 
stones. Because LC databases miss of datasets on stone 
processes, it was necessary to collect primary data directly on-
site. The data collection was carried out mostly in quarries, 
transformation plants and firms connected to the stone sector 
(e.g. firms producing cutting tools) and information was 
integrated though the literature and the dialog with other 
research teams (among others, Centro Servizio Lapideo of 
Crevoladossola) and public administrations (among others, the 
Carrara municipality). To pursue the aim of creating LC 
datasets of stone processes, it was necessary to identify and 
quantify resources, energy and emissions of the input and 
output flows involved in the system. The investigation was 
carried out also on tools employed in quarries and 
transformation plants which are not available in current LC 
databases (such as, for example, diamond cutting tools). The 
collected data were then elaborated through the LC software 
Gabi, which allow creating and linking the processes in a 
model. Data were referred to the Functional Units chosen for 
this study: the volume of 1 m3 of stone block (for the 
quarrying phase) and the surface of 1 m2 of slab/tile (for the 
cutting and finishing phases). Since the quantities and features 
of tools employed in the stone production chain can change 
among the enterprises (because of stone properties, but also 
enterprise dimensions, availability of machineries, etc.), the 
LC processes were created setting up some free parameters 
that allow the adaptation of datasets to specific productions. In 
order to boost the use of LCA as a scientific tool for the 
evaluation of sustainability among the stone enterprises, a LC 
model was created with the three phases; quarrying, cutting, 
and finishing. Each phase contains the datasets of the 
processes previously created, which have been connected in an 
organic and flexible model that can be seized to the effective 
productions of stone firms. 
 
 
Fig. 2 Scheme summarizing the techniques that were investigated on-site during this study. Processes related to the production chain of soft 
and hard stones are respectively indicated with an S and H in brackets
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Fig. 3 Multi-blade technique. (a) Placement of blades in preparation 
to the sawing process; (b) Cutting of stone blocks into slabs 
III. RESULTS 
The main purpose of this work was to investigate the stone 
sector with a life cycle approach and to create LC datasets to 
be used for environmental evaluations. 
Data were collected and elaborated for the processes 
showed in Fig. 2. In this section, the detail of the multi-blade 
cutting technique (Fig. 3) is showed. This latter is a technique 
commonly used in transformation plants for cutting hard stone 
blocks into slabs. A frame gives an oscillating movement to a 
set of steel blades which penetrate and course through the 
block for its total height with a defined down-feed speed. The 
sawing is consequence of the combined action of blades and 
of an abrasive slurry containing water, steel grit and lime. 
Quantitative data concerning resources, energy and emission 
related to this technique were collected in the Italian 
transformation plants of Verbano Cusio Ossola province, 
where the multi-blade sawing is commonly used for producing 
slabs of local stones (mostly Beola and Serizzo stones). The 
data collected refer to the year 2016, and the quantities 
employed for this study are the average values calculated on 
99 block cutting. The production of a slab with the multi-blade 
technique requires some input resources (stone block, cutting 
frame, electricity, steel blades, steel grit, lime and water) and 
produces outputs (slabs, steel of exhausted blades and stone 
slurry). The steel of exhausted blades is usually recycled, 
while for the stone slurry different scenarios can exist. Slurry 
can be destined to landfill or be reemployed as secondary raw 
material for different applications such as, for example, the 
recycle in concrete [16] or environmental restorations [17]. 
Some research groups currently study the separation and reuse 
of the mineral part (coming from the rock crushing) and the 
metallic part (coming from steel grit) [18]. To the aim of 
creating a LC dataset of the multi-blade cutting technique, 
Gabi software was used to model the process (Fig. 4). Since 
the aim is to calculate the impact given by the only process of 
cutting (and not of the cumulative impact till that moment), 
the impacts related to the extraction of stone blocks are out of 
the system boundaries of the process. Secondary data were 
used for steel blades, steel grit, electricity, and lime. Water has 
no impacts since it is continuously recycled in a close loop, 
while the impact related to the frame production is not 
accounted because it is irrelevant considering the long lifetime 
of this machine. As far as concern the outputs, the process 
includes the credits given by the recycle of the steel blades, 
while, for the slurry waste, the landfill End of Life is taken 
into account. 
 
 
Fig. 4 Model of the multi-blade cutting technique (software: Gabi) 
 
TABLE I  
INPUT/OUTPUT TABLE OF THE MULTI-BLADE CUTTING TECHNIQUE 
Inputs Quantity Outputs Quantity 
Stone block 0.03 m3 Stone slab 1 m2 
Electricity 6.8 MJ Exhausted steel 0.5 kg 
Steel blades 0.85 kg Slurry waste 0.002 kg 
Steel grit 1.59 kg   
Lime 0.013 kg   
 
According to the average data collected in VCO province, 
the process was created with the input/output values listed in 
Table I. Nevertheless, these quantities highly depend on many 
variables, such as the frame and blades characteristics, the 
abrasiveness of the stone, the slab dimension. In order to allow 
an easy adaptability of the dataset to different productions, 
free parameters were set up. Fig. 5 shows part of the parameter 
list with the correspondent relations. The hereinafter presented 
Life Cycle Impact Assessment (LCIA) refers to the process 
needed to cut 1 m2 of gneiss slab with the multi-blade 
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technique. This contribution analysis was carried out with the 
average values collected in Verbano Cusio Ossola province. 
The selected characterization method for the analysis is 
CML2001 in its most updated version (April 2013). Table II 
summarizes the environmental burdens of cutting 1 m2 of slab 
with the multi-blade technique. More in detail, the performed 
contribution analysis pointed out that the use of steel grit 
corresponds to the higher impacts for most of the impact 
categories (Fig. 6). This is due to the fact that the multi-blade 
cutting technique requires high quantities of this material. As 
expected, the impact related to the steel blades is much fewer. 
This is related to the fact that each blade is able to cut more 
than one block (approximately three to five blocks, according 
to the hardness of the stone). Moreover, the contribution of 
blades has to be reduced of the credit given by the recycling of 
steel. As far as the output of slurry waste is concerned, the 
quantities and physical characteristics of the slurry can 
sensibly change among the enterprises. As a consequence, 
different scenarios for the End of Life of waste (such as the 
treatment and reuse as secondary raw material) could change 
the global impact of this process. Further work will be 
developed focusing on some possible different scenarios.  
 
 
Fig. 5 Free parameters allowing the adaptation of the multi-blade cutting dataset to specific productions 
 
TABLE II 
ENVIRONMENTAL BURDENS RELATED TO THE CUT OF 1 m2 OF STONE SLAB 
WITH THE MULTI-BLADE TECHNIQUE (CML2001 METHOD) 
Impact category Unit f Measure Total 
Abiotic Depletion (ADPe) kg Sb-Equiv. 3.02·10-7 
Abiotic Depletion (ADPf) MJ 5.81·10 
Acidification Potential (AP) kg SO2-Equiv. 1.07·10-2 
Eutrophication Potential (EP) kg Phosphate-Equiv. 7.27·10-4 
Freshwater Aquatic Ecotoxicity Pot. 
(FAETP) kg DCB-Equiv. 6.57·10
-3 
Global Warming Potential (GWP) kg CO2-Equiv. 5.49 
Human Toxicity Potential (HTP) kg DCB-Equiv. 4.92·10-1 
Marine Aquatic Ecotoxicity Pot. 
(MAETP) kg DCB-Equiv. 6.95·10
2 
Ozone Layer Depletion Potential 
(ODP) kg R11-Equiv. 4.27·10
-8 
Photochem. Ozone Creation 
Potential (POCP) kg Ethene-Equiv. 2.27·10
-3 
IV. CONCLUSION 
The sustainability of the traditional stone sector could be 
improved identifying the environmental hot points of the 
whole production chain, from the extraction of blocks till the 
finished stone product. Prior work has analyzed the processes 
with a life cycle approach. Nevertheless, since LC databases 
currently lack datasets on the specific stone production 
processes, these studies were not always significant because of 
the high number of assumptions. The main aim of the research 
project presented in this paper is to contribute to the 
population of databases with the most representative 
techniques employed in the stone production chain. To this 
aim primary data were collected, investigating the processes in 
Italian quarries, transformation plants, enterprises connected 
to the sector and public administrations. The investigation 
concerned the production of slabs and tiles of both hard Stones 
(gneiss form Verbanio Cusio Ossola) and soft stones (Carrara 
marble). An appropriate LC software allowed using the data 
collected to create the LC datasets of different stone 
production processes. Moreover, the single datasets were 
connected to realize a global model with boundaries from-
cradle-to-gate, which comprehend the processes commonly 
used for the extraction of blocks, cutting into slabs and tiles 
and surface finishing. Since quantities and tools employed can 
vary among enterprises, datasets and model present free 
parameters which allow an easy adaptability to specific 
productions. Datasets will be published in LC databases, in 
order to make them available for future studies on stone 
sustainability. The global model will be spread among stone 
enterprises to encourage their direct participation and to boost 
the use of LCA as a scientific tool to assess and enhance the 
environmental sustainability. Currently, investigations are still 
on going to define the impacts of some specific processes (e.g. 
electroplating of diamond tools), which are often covered by 
industrial secret. 
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Fig. 6 Percentage contribution of the environmental burdens related to 1 m2 of stone slab cut with multi-blade technique (CML2001 method) 
 
ACKNOWLEDGMENT 
The authors are pleased to thank people who contributed to 
the realization of this paper. We thank in particular: Marco 
Cerutti and Massimo Marian for their aid in organizing visits 
at VCO quarries and transformation plants; Marilena Cardu, 
Stefano Bianchini and Raimondo Cossu for their useful aid in 
organizing visits to marble quarry and transformation plants in 
Carrara; Pierluigi Luisetto and Carlo Dell’Amico for their 
enthusiastic explanations on quarrying techniques, 
respectively in beola and marble basins; Lorenzo Cupini, 
Roberto Bertolini, Massimo Franchi and Massimo Peretti for 
explaining me the techniques in transformation plants; Luca 
Risso and Marco Bartoli for the information they shared about 
the production of cutting tools.  
REFERENCES  
[1] European Union, “Regulation (EU) no. 305/2011 of the European 
parliament and of the council of 9 March 2011 laying down harmonised 
conditions for the marketing of construction products and repealing 
Council Directive 89/106/EEC”, Official Journal of the European 
Union, L88/5, 4.4.2011. 
[2] M. F. Ashby, “Materials Selection in Mechanical Design”, 5th ed., 
Butterworth-Heinemann Ed., 2016, pp. 90-98. 
[3] R. Prikryl, “How reliable are rock mechanical parameters for the 
estimation of durability of natural stone”, EUROCK 2015 and 64th 
Geomechanics Colloquium, Salzburg (Austria), 7-10 October 2015. 
[4] A. Savazzini dos Reis, V. P. Della-Sagrillo, F. R. Valenzuela-Diaz, 
“Analysis of Dimension Stone Waste Addition to the Clayey Mass Used 
in Roof Tile Production”, Materials Research, no. 18, pp. 63-69, 2015. 
[5] E. K. Shirazi, “Reusing of stone waste in various industrial activities”, 
Proceedings of 2nd International Conference on Environmental Science 
and Development IPCBEE, vol.4, pp. 217-219, Singapore, 2011. 
[6] European Commission, “Closing the loop: Commission adopts 
ambitious new Circular Economy Package to boost competitiveness, 
create jobs and generate sustainable growth”, Brussels, 2 December 
2015. 
[7] ISO 14040:2006 (EN) Environmental management - Life cycle 
assessment - Principles and framework. 
[8] ISO 14044:2006 (EN) Environmental management - Life cycle 
assessment - Requirements and guidelines. 
[9] European Commission - Joint Research Centre, International Reference 
Life Cycle Data System (ILCD) Handbook: General guide for Life Cycle 
Assessment - Detailed guidance. 1st Edition 2010. 
[10] M. Traverso, G. Rizzo, M. Finkbeiner M., “Environmental performance 
of building materials: life cycle assessment of a typical Sicilian marble”, 
The International Journal of Life Cycle Assessment, no. 15, pp. 104–
114, 2010. 
[11] A. Gazi, G. Skevis, M. A. Founti, “Energy efficiency and environmental 
assessment of a typical marble quarry and processing plant”, Journal of 
cleaner production, no. 32, 2012. 
[12] J. Catarino, João Henriques & Anabela Maia, “Eco-efficiency in 
Portuguese companies of marble sector”, International Journal of 
Sustainable Engineering, vol. 9, no. 1, pp. 35-46, 2016. 
[13] Natural Stone Council, “Granite dimensional stone quarrying and 
processing: a Life-Cycle Inventory”, Report, August 2008. 
[14] M. C. Borlini Gadioli, N. Fernandez Castro, A. Andrade Pazeto, C. E. 
Ribeiro Wandermurem, P. Fernandes de Almeida, D. Pimentel Tavares, 
“Life-Cycle Inventory of dimension stones, Brazil”, Global Stone 
Congress 2012, Borba, Portugal, 2012. 
[15] P. Primavori, “Pianeta Pietra”, Giorgio Zusi Ed., 1999, Verona. 
[16] A. Rana, P. Kalla, H. K. Verma, J. K. Mohnot, “Recycling of 
dimensional stone waste in concrete: A review”, Journal of cleaner 
production, no. 135, pp. 312-331, 2016. 
[17] O. Sivrikaya, K. Kiyildi, Z. Karaca, “Recycling waste from natural stone 
processing plants to stabilise clayey soil”, Environmental Earth 
Sciences, no. 71, pp. 4397–4407, 2014. 
[18] L. Zichella, A. Tori, R. Bellopede, P. Marini, Natural stone muds as 
secondary raw materials: towards a new sustainable recovery process, 
EGU General Assembly 2016, pp. 779-784, Wien (Austria), 17-22 April 
2016. 
World Academy of Science, Engineering and Technology, Vol:11, No:7, 2017 
582International Scholarly and Scientific Research & Innovation 11(7) 2017 scholar.waset.org/1999.6/10007336
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x,
 E
nv
iro
nm
en
ta
l a
nd
 E
co
lo
gi
ca
l E
ng
in
ee
rin
g 
V
ol
:1
1,
 N
o:
7,
 2
01
7 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
10
00
73
36
